Increased markers of oxidative stress and acute-phase inflammation are prevalent in patients undergoing maintenance hemodialysis therapy (MHD), and are associated with increased mortality and hospitalization rates and decreased erythropoietin responsiveness. No adequately powered studies have examined the efficacy of antioxidant therapies on markers of inflammation and oxidative stress. We tested the hypothesis that oral antioxidant therapy over 6 months would decrease selected biomarkers of acute-phase inflammation and oxidative stress and improve erythropoietic response in prevalent MHD patients. In total, 353 patients were enrolled in a prospective, placebo-controlled, double-blind clinical trial and randomly assigned to receive a combination of mixed tocopherols (666 IU/d) plus a-lipoic acid (ALA; 600 mg/d) or matching placebos for 6 months (NCT00237718); 238 patients completed the study. High-sensitivity C-reactive protein (hsCRP) and IL-6 concentration were measured as biomarkers of systemic inflammation, and F2 isoprostanes and isofurans were measured as biomarkers of oxidative stress. The groups did not significantly differ at baseline. At 3 and 6 months, the treatment had no significant effect on plasma hsCRP, IL-6, F2 isoprostane, or isofuran concentrations and did not improve the erythropoietic response. No major adverse events were related to the study drug, and both groups had similar mortality and hospitalization rates during the study. In conclusion, the administration of mixed tocopherols and ALA was generally safe and well tolerated, but did not influence biomarkers of inflammation and oxidative stress or the erythropoietic response.
Elevated biomarkers of increased oxidative stress are highly prevalent in patients undergoing maintenance hemodialysis therapy (MHD), and several lines of evidence point to their association with adverse outcomes. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Elevated biomarkers of the inflammatory response-serum high-sensitivity C-reactive protein (hsCRP) and serum IL-6 concentrations, which are also highly prevalent in this population-are robust predictors of cardiovascular events and mortality and have been linked to increased oxidative stress. [12] [13] [14] [15] [16] [17] [18] Further, the systemic inflammatory response and increased oxidative stress are associated with poor response to erythropoietinstimulating agent (ESA) therapy. 19 Initiation of MHD does not improve biomarkers of oxidative stress or systemic inflammation, suggesting that maintenance dialysis alone is inadequate to control the proatherogenic metabolic milieu that accompanies uremia. 20 Emerging evidence associating oxidative stress biomarkers with inflammation and cardiovascular risk in patients undergoing MHD has led to several pilot trials of antioxidant regimens, with most studies focusing on use of tocopherols or thiol-containing antioxidants. The tocopherols have long been recognized as potent chain-breaking antioxidants, have potent effects on intracellular signaling pathways, and have been reported to have beneficial metabolic effects in patients undergoing dialysis therapy. [21] [22] [23] [24] [25] More recently, it has been recognized that g-tocopherol and its principal metabolite are particularly potent in inhibiting inflammatory cell activation and proinflammatory cytokine production. 26, 27 The SPACE (Secondary Prevention with Antioxidants of Cardiovascular Disease in End-Stage Renal Disease) study demonstrated a clinically and statistically significant reduction in myocardial infarction and other cardiovascular events in patients treated with a-tocopherol compared with placebo. 28 Another potential therapeutic approach for patients with ESRD is to administer reduced thiol-containing antioxidants. Studies have demonstrated that low-molecular-weight thiols and plasma protein thiols are markedly oxidized in patients undergoing MHD. 29, 30 In a prospective randomized clinical trial, administration of the thiol-containing antioxidant N-acetylcysteine markedly decreased the cardiovascular event rate in a cohort of MHD patients, suggesting potential utility for this approach. 31 a-Lipoic acid (ALA) is a thiol-containing antioxidant that can replete reduced thiol groups, restore intracellular glutathione levels, and participate in the redox recycling of ascorbate and tocopherols. 32 In this study we hypothesized that administration of combined antioxidant therapy (i.e., mixed tocopherols, 666 IU/d, plus ALA, 600 mg/d, over 6 months) will decrease biomarkers of acute-phase inflammation and oxidative stress in MHD patients. We also examined the effects of the intervention on erythropoietic response as a secondary outcome measure. Hospitalization and mortality were examined as safety measures. Table 1 shows the baseline demographic data for all study participants, combined and by assigned treatment groups. The average age was 58612 years; 44% of patients were female, and 58% were African American. Sixty-five percent of the patients were dialyzed with an arteriovenous fistula, 40% had diabetes, and 39% had hypertension. The average time on hemodialysis (vintage) was 51656 months. There were no significant differences between groups for any of these parameters.
RESULTS

Baseline Characteristics
At baseline enrollment (n=325), 155 (48%) patients were taking angiotensin-converting enzyme inhibitors, 145 (45%) were taking statins, 18 (6%) were taking xanthine oxidase inhibitors, and 28 (9%) were taking thiazolidinediones. In total, 244 (75%) patients were taking at least one of those medications at the time of study enrollment. Of those, 121 (73%) in placebo group and 123 (77%) in the treatment group had at least one such medication.
Among 325 randomly assigned patients, 87 dropped out of the study. Forty-six (53%) of those who dropped out were from the antioxidative treatment group. Treatment assignment group did not differ between patients who dropped out and those who did not. Except for cause of ESRD, baseline characteristics also did not differ between those who dropped out and those who did not. There were also no differences in baseline hsCRP, IL-6, F2 isoprostane, or F2 isofuran concentrations between the patients who dropped out and those who remained in the study. Table 2 shows descriptive data for hsCRP and IL-6 at baseline and monthly thereafter. Figures 1 and 2 depict changes in hsCRP and IL-6 from baseline at months 3 and 6. As shown, both hsCRP and IL-6 levels were elevated at baseline for both groups compared with normative ranges and stayed relatively stable throughout the study for both groups. There were no significant differences between groups at any time point. When we analyzed the data by differences in variables between each time point for each patient, we found no significant differences between groups. Finally, we performed regression analyses for both hsCRP and IL-6 after adjustment for baseline values, diabetes, history of cardiovascular disease, race, and age. Again, the groups did not differ for any of those variables at 3 or 6 months. Table 3 shows descriptive data for F2 isoprostanes and F2 isofurans at baseline and at 6 months. Figure 3 depicts changes in F2 isoprostanes from baseline to month 6. As was seen with inflammatory biomarkers, both F2 isoprostanes and F2 isofurans levels were elevated at baseline for both groups compared with normative ranges and stayed high at the end of the study for both groups. There were no significant differences between groups at baseline and the end of the study. When we analyzed differences in variables between time points for each patient, we found no significant difference between groups. Finally, we performed regression analyses for F2 isoprostanes and F2 isofurans after adjustment for baseline values, diabetes, history of cardiovascular disease, race, age, and medication use. There were no significant differences between treatment groups for any of those variables at 6 months.
Concentration of Inflammatory Markers
Plasma F2 Isoprostane and F2 Isofuran Concentrations
To further confirm the results, we categorized patients into two groups based on their baseline F2 isoprostane levels. Patients were considered as having high oxidative stress if their baseline F2 isoprostane levels were higher than or equal to the population median F2 isoprostane level; they were considered to have low oxidative stress if the levels were below the median. The distribution of such groupings did not differ between treatment groups (P=0.85). There was also no difference in 6-month F2 isoprostane levels between treatment groups among patients with high oxidative stress and among those with low oxidative stress.
Finally, we conducted a subanalysis that classified patients as having significant reduction in oxidative markers (F2 isoprostane at 6 months was #60% of the baseline F2 isoprostane level) or having no significant reduction (all patients not meeting the preceding criteria). Forty patients (20 from the treatment group and 20 from the placebo group) were classified as having significant reduction in oxidative markers during the study. Compared with patients who did not have a significant reduction, those who did were more likely to have a higher baseline F2 isoprostane and F2 isofurans levels (P,0.001 and P=0.03, respectively). No other differences in patient characteristics and medication use were seen between the two groups (data not shown). Table 4 shows the data for baseline and monthly total ESA dose and monthly ESA dose adjusted by the last hemoglobin concentration of the month. There were no significant differences between groups at baseline (enrollment and 1 month after enrollment) and each month of the study. Area under the curve of the monthly ESA dose and monthly ESA dose adjusted by the last hemoglobin concentration did not differ between the two treatment groups.
Erythropoietic Index
Safety
Four patients died (all in the placebo group) and 111 patients were hospitalized (60 in the placebo group and 51 in the intervention group) during the study period. An additional 10 patients died (4 in the placebo group and 6 in the intervention group) during the 6-month study follow-up period after the intervention was stopped. The overall adverse event rates were 5.16 and 6.11 per patient-year for placebo and study drug, respectively (P=0.02). The study intervention was associated with significantly higher rates of gastrointestinal upset, vascular access-related events, and electrolyte disorders, and a significantly lower rate of fluid overload (Supplemental Table 1 ). 
DISCUSSION
In this randomized, double-blind, placebo-controlled study of patients receiving MHD, the provision of mixed tocopherols and ALA as antioxidant therapy was generally safe and well tolerated. However, the effect of this combination antioxidant therapy on biomarkers of inflammation as a primary endpoint was not statistically significantly different from that of placebo. Additionally, antioxidant therapy had no significant effect on selected oxidative stress biomarkers, dosing requirements of erythropoietic-stimulating agents, or hospitalization or mortality rates. Cardiovascular disease is the leading cause of death in patients undergoing dialysis, and to date the use of interventions targeting cardiovascular risk factors unique to this patient population have demonstrated only limited effectiveness. Previous observational studies have demonstrated that oxidative stress is increased in dialysis patients, that biomarkers of inflammation and oxidative stress are often closely linked, [33] [34] [35] [36] [37] [38] and that these biomarkers are also associated with cardiovascular risk in this population. This has led to the suggestion that oxidative stress pathways are a "nontraditional" cardiovascular risk factor for patients receiving dialysis therapy and that antioxidant therapies may be more effective in this population than in studies of primary and secondary risk prevention in the absence of advanced kidney disease. 39 We chose to study a combination of mixed tocopherols and ALA as antioxidant therapy for several reasons. First, in two separate pilot studies, the separate provision of a-tocopherol and the thiol-containing antioxidant N-acetyl cysteine had some benefit in reducing cardiovascular events rates in patients receiving MHD. 28, 31 Second, in previous pharmacokinetic studies, we and others showed that the metabolism of tocopherols and thiol-containing antioxidants is dramatically altered in dialysis patients, leading to prolonged circulating half-lives of the parent antioxidant or biologically active metabolites. 26, [40] [41] [42] In tocopherol metabolism, cytochrome P450 enzymes catalyze the formation of biologically active carboxyethyl hydroxy chroman metabolites. 43, 44 Carboxyethyl hydroxy chroman metabolites are water-soluble, low-molecular-weight compounds that accumulate in the absence of kidney function and are readily removed by dialysis, thus providing a favorable pharmacokinetic profile for use in a dialysis population. Likewise, low-molecular-weight thiol-containing antioxidants have dramatically increased area under the plasmaconcentration curve, probably because of reduced cellular uptake. 41 Third, previous data from our group and others have Figure 1 . Changes in hsCRP from baseline at months 3 and 6. Levels stayed relatively stable throughout the study for both groups. Box and whisker plot (box represents the interquartile range; whiskers extend to the most extreme data point, which is no more than 1.5 times the interquartile range from the box; circles beyond the whiskers are extreme values; and the line within the box represents the median) of change in hsCRP from baseline at 1, 3, and 6 months of a-tocopherol plus ALA treatment (red) and placebo (black) groups.
suggested that g-tocopherol, the major plant-derived dietary form of tocopherols, may possess more anti-inflammatory properties than a-tocopherol. Fourth, previous data from our group and others have suggested that oxidation of thiol groups, particularly in plasma proteins, is especially prominent in persons with kidney disease. 29, 30 Finally, we hypothesized that combining predominantly lipophilic antioxidants (tocopherols) with more water-soluble antioxidants (ALA) would provide synergistic antioxidant effect.
We chose biomarkers of inflammation as the primary endpoint for this study for several reasons. Inflammatory biomarkers are well studied in patients on dialysis and are among the most potent predictors for cardiovascular morbidity and overall mortality risk. Further, considerable experimental data suggest that increased oxidative stress may be an upstream cause of activation of inflammatory cascades. Our previous data had demonstrated that biomarkers of oxidative stress and inflammation are closely linked in patients receiving dialysis therapy, 45 and in earlier stages of kidney disease oxidative stress biomarkers are more frequently elevated than are inflammatory biomarkers. 46 Finally, previous pilot studies by our group and others had suggested that similar antioxidant therapies may have anti-inflammatory effects in patients receiving dialysis. 26, 47 Despite the aforementioned considerations, the results indicated no significant effect of the treatment on inflammatory and oxidative stress markers. These findings could be interpreted to suggest that the proposed interventions have no biologic influence on these pathways in MHD patients. Although discouraging, this is consistent with many other interventions that have failed to show a beneficial effect in this rather complicated patient population. On the other hand, it is also possible that higher doses of antioxidants, or different types of antioxidants, might have had a more beneficial effect on uremia-associated oxidative stress and inflammation than the chosen antioxidants. For example, recent studies have suggested that the antioxidants coenzyme Q10 or phenolic antioxidants derived from red wine or pomegranate juice may have benefit in this patient population and should be further studied. [47] [48] [49] In addition, it is possible that a longer course of tocopherols plus ALA treatment might have been required to demonstrate a beneficial Changes in IL-6 from baseline at months 3 and 6. Levels stayed relatively stable throughout the study for both groups. Box and whisker plot (box represents the interquartile range; whiskers extend to the most extreme data point, which is no more than 1.5 times the interquartile range from the box; circles beyond the whiskers are extreme values; and the line within the box represents the median) of change in IL-6 from baseline at 1, 3, and 6 months of a-tocopherol plus ALA treatment (red) and placebo (black) groups.
clinical effect, even in the absence of measurable changes in inflammatory and oxidative stress biomarkers. Two published studies using a randomized, placebo-controlled design have suggested that antioxidant therapy may provide clinical benefit. In the SPACE study, 196 patients with known cardiovascular disease were randomly assigned to receive a-tocopherol, 800 IU/d, or matching placebo and were followed for an average of 519 days. 28 The tocopherol group had a significantly lower occurrence of the composite primary endpoint of myocardial infarction, ischemic stroke, peripheral vascular disease, and unstable angina. Mortality and the secondary endpoints (other than myocardial infarction) did not significantly differ between groups. Comparison of the SPACE study results with our study findings reveals many important differences in the study design and demographic characteristics of the enrolled population that may affect what appear to be divergent results. Participants in the SPACE study were older, less likely to be female, and universally had known cardiovascular disease. They were also substantially less likely to be receiving concomitant therapy with a lipid-lowering agent (13% versus 45%) or an angiotensin-converting enzyme inhibitor (18% versus 48%), which may have independent antioxidant effects. 50 Perhaps as a consequence, the mortality rate in the SPACE study (about 22% per year) was much higher than in our study (about 6% per year, including during the 6-month follow-up after discontinuation of the study agent). The reported myocardial infarction rate in the SPACE placebo group (12.3% per year) was exceptionally high. Additionally, in the SPACE study, remarkably few adverse events were reported (approximately 4% of participants), dropouts were not reported, and methods for adjudication of clinical events were not reported. Although the SPACE study did not systematically measure levels of oxidative stress biomarkers in response to therapy, two subsequent reports have not found a significant effect of administering a-tocopherol, 800 IU/d, on plasma oxidized LDL or oxidative protein product concentration. 51, 52 Similar to the SPACE study, a randomized trial comparing the antioxidant N-acetyl cysteine with placebo in dialysis Changes in F2 isoprostanes from baseline at month 6. Levels stayed relatively stable throughout the study for both groups. Box and whisker plot (box represents the interquartile range; whiskers extend to the most extreme data point, which is no more than 1.5 times the interquartile range from the box; circles beyond the whiskers are extreme values; and the line within the box represents the median) of change in F2 isoprostanes from baseline at 6 months of a-tocopherol plus ALA treatment (gray) and placebo (white) groups.
patients also observed a decrease in the incidence of a composite cardiovascular endpoint, although most observed events were not cardiac but rather stroke and peripheral vascular disease related. 31 This study also did not systematically measure biomarkers of oxidative stress in response to therapy, did not report adverse events or dropouts, and did not indicate how cardiovascular events were adjudicated. Commentary on the SPACE study and many other antioxidant trials have emphasized the need for rigorous biomarker assessment of antioxidant therapy and suggested that combinations of antioxidants may have greater utility than individual antioxidants. 53, 54 The present study has many strengths. It is the largest antioxidant trial conducted to date in patients undergoing hemodialysis. We used a double-blind randomized controlled study design with sufficient power to definitely address the primary endpoint. We used combination antioxidant therapy, with doses chosen on the basis of prior pilot studies that suggested possible benefit. We used harmonized procedures for obtaining and processing biosamples at all sites for endpoint analysis. This is essential for assessment of most oxidative stress biomarkers, which are highly subject to in vitro artifactual oxidation. Lipid peroxidation biomarkers (F2 isoprostanes and F2 isofurans), considered gold standard measures because of their precision, were analyzed at a reference quality laboratory using gas chromatography/mass spectrometry. 55, 56 The results of this randomized trial supported the null hypothesis, providing relatively strong evidence of a lack of benefit of this antioxidant combination on measured endpoints.
The study also has limitations. In particular, even though the plasma F2 isoprostane and F2 isofuran concentrations were elevated at baseline compared with normative ranges, these oxidative stress biomarkers did not improve with active therapy over the course of the clinical trial. This might be a consequence of inadequate doses or a course of antioxidants shorter than what is necessary to demonstrate a beneficial clinical effect. It is also possible that more clinically relevant outcomes might still be influenced, even in the absence of measurable changes in inflammatory and oxidative stress biomarkers.
In conclusion, the administration of a combination of mixed tocopherols plus ALA did not improve inflammatory or oxidative stress biomarkers in patients with ESRD undergoing MHD. These data highlight the uncertainties surrounding the use of antioxidants in patients receiving dialysis. Although .50 studies investigating antioxidants in patients undergoing hemodialysis have been published, there is no consensus on procedures for optimal study design, and no previous studies have measured both appropriate biomarkers and clinical outcomes in sufficiently large populations to draw meaningful conclusions (reviewed in Coombes and Fassett 39 ). Further studies, probably using different antioxidants and perhaps assessing different endpoints, are warranted to fully test whether antioxidants may confer benefit to this patient population.
CONCISE METHODS
Study Design
This was a prospective, randomized, placebo-controlled, doubleblind clinical trial (NCT00237718). After informed consent was obtained, baseline enrollment data and blood work were obtained 1 month before initiation of the study drug. Patients were then assigned to one of two study groups by a permuted block randomization strategy in a 1:1 ratio. Patients were stratified according to the presence or absence of diabetes mellitus and according to having high ($10 mg/dl) or low (,10 mg/dl) CRP. The study compared combination antioxidant therapy with mixed tocopherols (a, b, g, and d) , 666 IU/d, plus ALA, 600 mg/d, with matching placebo. Mixed tocopherols were provided as one capsule of 666 IU (Yasoo Health, Inc., Johnson City, TN) and ALA was provided as two capsules of 300 mg each (Jarrow Industries, Inc., Santa Fe Springs, CA). Matching capsules were provided to the placebo group, prepared by the Vanderbilt University Medical Center Investigational Drug Services. Patients took a total of three capsules per day for a total of 6 months.
Patients
Patients were recruited from outpatient dialysis clinics. Recruitment began in May 2006 and continued through July 2009. Criteria for study participation included patients with ESRD receiving thrice-weekly hemodialysis for at least 120 days, age.18 years, life expectancy .1 year, and the ability to understand and provide informed consent for participation in the study. Exclusion criteria included AIDS (HIV seropositivity was not an exclusion criterion); active malignancy, excluding basal cell carcinoma of the skin; gastrointestinal dysfunction requiring parenteral nutrition; history of functional kidney transplant ,6 months before study entry; anticipated live donor kidney transplant over the study duration; history of poor adherence to hemodialysis or medical regimen; prisoners, patients with significant mental illness, pregnant women, and other vulnerable populations; patients taking vitamin E supplements$60 IU/d or vitamin C$500 mg/d during the past 30 days; patients taking anti-inflammatory medication, except aspirin#325 mg/d, over the past 30 days; patients using a temporary catheter for dialysis access at baseline or patients receiving a graft/fistula within the 6-month study period; and more than two hospitalizations within the last 90 days or one hospitalization within the 30 days preceding enrollment. Patients underwent study visits at baseline (prior to initiation of study drugs) and then monthly for 6 months. Demographic characteristics, medical history, and blood for routine chemistries and nutritional biomarkers were collected at the baseline visit. Additional blood was collected for biomarkers of inflammation and oxidative stress at baseline and at the monthly visits.
A total of 3098 patients were assessed for eligibility (using the inclusion and exclusion criteria described above) and 385 gave consent (Figure 4) . Twenty-nine patients gave consent initially, but voluntarily elected not to participate in the study before randomization, and three patients were administratively withdrawn before randomization because of ineligibility; thus, 174 patients were allocated to the intervention and 179 patients were allocated to placebo. After randomization, 28 patients from a single site (14 in each group) were administratively withdrawn from the study because of numerous protocol violations at that site, which resulted in termination of the site participation. At the end of the study, 160 patients in the intervention group and 165 patients in the placebo group were included in the intention-to-treat analysis. Of these patients, 238 (73%) completed the study (treatment group, 114; placebo group, 124). A data safety monitoring board oversaw the safety profile of the study, and no interim efficacy analyses were planned or conducted. The Western and Vanderbilt University Medical Center institutional review boards approved the study, and all patients provided written informed consent before study enrollment.
Compliance and adverse events were assessed monthly during months 1-6. Drug compliance forms were completed at each of the monthly study visits. Patients were instructed to bring in their drug bottles, and the number of remaining pills were counted and recorded. For both vitamin E and ALA, the overall rate of noncompliance (pills not taken) was 9%. Protocol compliance at the sites was monitored as follows: (1) In-person monitoring visits were conducted at the participating sites. The monitor randomly selected approximately 10% of the enrolled patients and thoroughly reviewed the consent, inclusion/exclusion criteria, and completed case report forms. The monitor reviewed and discussed enrollment, protocol adherence, and adverse events with the investigator and study coordinators as needed. All queries were resolved, and the data clarification information was sent to the data coordinating center (Vanderbilt University)-the only exception being the site that was closed. (2) On a monthly basis, participating sites submitted case report forms to the data coordinating center. Data on these forms were entered into a database, which was doublechecked in terms of data entry accuracy. Sites were queried for missing or questionable case report form entries. All queries were resolved, with the exception of the site that was closed. (3) On a monthly basis, participating sites submitted samples to the sample storage facility (Maine Medical Center). The samples were doublechecked against the sample worksheets and entered into a sample log, and the samples stored at 280°C. Sites were queried for missing samples or questionable labeling. All queries were resolved, with the exception of the site that was closed.
Outcomes
The primary outcome was a change in plasma hsCRP and IL-6 concentrations. The secondary outcomes were changes in plasma F2-isoprostane and F2-isofuran concentrations, erythropoietic index, and serum albumin concentrations. The erythropoietic index was calculated as monthly ESA dose adjusted by hemoglobin concentration of the previous month.
Analytical Procedures
All blood sampling were performed at the participating dialysis clinics. Blood sample measurements included hsCRP, IL-6 and plasma F2 isoprostanes and isofurans. Routine chemistries were obtained from the patient charts. Blood was drawn into Vacutainer (BectonDickinson, Franklin Lakes, NJ) tubes containing EDTA for plasma separation. Samples were transported on ice and immediately centrifuged at 20°C at 3000 rpm for 15 minutes. Supernatants were stored in aliquots locally at 220°C, then shipped on dry ice to the central storage facility where they were stored at 270°C until further use. Plasma hsCRP levels were measured by ELISA using high-sensitivity kits from Diagnostic Systems Laboratories (Webster, TX) and expressed in milligrams per liter. Plasma IL-6 cytokine concentrations were determined by ELISA with kits from BioSource International (Camarillo, CA). Oxidative stress was quantified by simultaneous measurement of plasma F2-isoprostane and isofuran concentrations. Internal standard [2H4]-15-F2T-isoprostane was added to plasma, and the sample was purified by sequential C-18 and silica solid-phase extraction and then derivatized to penta-fluorobenzyl ester, trimethylsilyl ether for gas chromatography/ negative ion chemical ionization/mass spectrometry analysis. 56 
Statistical Analyses
Sample size was computed on the basis of changes in natural log of hsCRP from baseline to 6 months using a t test. According to our preliminary data, including 50 patients with ESRD without any specific therapy who initiated MHD, mean hsCRP concentrations was Figure 4 . Flow chart of study populations, including the number of patients who were screened, gave consent, underwent randomization, and completed the study treatment or presented the primary variable. "Other" reasons included the following: for the intervention group (n=8 patients): nursing home placement (n=1); patient no longer wishes to take study drug (n=2); patient states he is unable to swallow the pills (n=1); stopped taking study drug (n=4). For the placebo group (6 patients): patient diagnosed with cancer during the study (n=2); patient no longer wishes to take study drug (n=2); patient says she has no more medicine to continue (n=1); nursing home placement (n=1). PI, principal investigator. reduced by 2.2 mg/L in hsCRP values after 6 months of MHD (initial values were from 20.1 mg/L). The intervention was anticipated to reduce hsCRP values by 20%, a change from 20.1 to 16.08 mg/L (d=4.02 mg/L), whereas the control group was expected to have a decrease of only 10% from baseline, a change from 20.1 to 18.09 mg/L. Because hsCRP concentration is known to be skewed, natural log transformed hsCRP was used for estimating mean6SD (SD of log hsCRP, 0.4). A sample size of 175 in each group (total, 350) was estimated to achieve 80% power with a two-sided 5% significance level.
Descriptive statistics are presented with proportions or means 6 SDs for categorical variables or medians and interquartile ranges for continuous variables. Patient baseline characteristics were compared using the chi-squared test for categorical variables and the MannWhitney U test for continuous variables. Concentration of outcomes of interest at baseline was defined as the mean of the measurement at enrollment and 1 month after enrollment (month 0).
Concentrations of hsCRP, IL-6, and serum albumin between the combination antioxidant therapy and placebo groups were separately compared at baseline and 1, 3, and 6 months using Mann-Whitney U tests. The effect of the combination antioxidant therapy was further assessed by comparing the change in hsCRP, IL-6, and serum albumin at 1 month, 3 months, or 6 months from baseline between the treatment groups using general linear models with bootstrap covariance accounting for correlation among repeated measures within a patient. The difference in change from baseline was assessed in the bootstrap general linear model by including an interaction term between treatment and time. The baseline values of outcome variables were adjusted as a model covariate, as well as other baseline covariates including age, body mass index, race (African American versus nonAfrican American), presence or absence of diabetes mellitus, and history of cardiovascular disease at baseline. The effect of treatment at each of the three time points was assessed only when the global test was rejected.
Concentration of F2 isoprostanes and F2 isofurans were measured at baseline and 6 months of therapy. The effect of the combination antioxidant therapy was compared at each time point using MannWhitney U test. An analysis of covariance model was used to compare the change of F2 isoprostanes and F2 isofurans at 6 month of study from baseline between the treatment arms. Baseline concentration of F2 isoprostanes and F2 isofurans was adjusted as a covariate in the model as well as age, body mass index, race (African American versus non-African American), presence or absence of diabetes mellitus, and history of cardiovascular disease at baseline. Residuals of all models were assessed graphically for normality, and dependent variable was transformed to correct non-normal residuals if needed.
ESA dose and monthly ESA dose adjusted by the last hemoglobin concentration of the month were compared every month between the two treatment groups using a Mann-Whitney U test. For each patient, we further calculated the area under the curve of the monthly ESA dose and monthly ESA dose adjusted by the last hemoglobin concentration. A Mann-Whitney U test was used to compare the area under the curve of the monthly ESA dose and monthly ESA dose adjusted by the last hemoglobin concentration between the two treatment groups.
Dropout and missing values were considered in our statistical analyses. Univariate comparison between two treatment groups at each particular time point were limited to patients who contributed data to that time point; however, in our multivariable regression analyses, all 325 patients who ever participated in the study were taken into account and were analyzed until the time at which they dropped out of the study or at the end of the study. By doing this, we aimed to minimize the effect of dropout and missing comparisons to the complete case analyses (n=238) and maximize our power in detecting an effect between treatment groups. All analyses were performed using R-software, version 2.7.2 (www.r-project.org), using two-sided 5% significance level for statistical inference.
